Near-infrared analysis (NIRA) was applied to discriminate and determine the cadmium content levels of unpolished rice using canonical discriminant analysis (CDA). The overall correct classification rate was 85.2% for 318 NIR spectra, repeated three times for 106 samples. After a further improvement through decreased misclassification rates, NIRA could be useful as a rapid, nondestructive and convenient analytical method for primary screening and detecting of cadmiumpolluted rice.
Introduction
Well-established determination methods of inorganic components in agricultural products include inductively coupled argon plasma (ICP), atomic absorption spectroscopy (AAS), and X-ray fluorescence spectroscopy (XRF). However, these methods require unusually sophisticated and time-consuming procedures. On the other hand, NIRA has presented the possibility of a rapid, nondestructive and convenient method to measure the concentration of inorganic components in agricultural products. Shenk et al. first reported on the use of NIRA for the determination of elements in forage. 1, 2 Theoretically, there are no absorption bands for inorganic components in the NIR region, but it is considered that organic complexes and chelates with inorganic components are reflected in NIR spectra changes; alternatively, absorption bands of water may be affected by hydration and hydrogen bonds. Clark et al. 3 reported that some elements in forage are likely to be associated with certain organic acids that provide hydrogen bonding detected by NIR spectroscopy. Tanaka et al. 4 accounted for the wavelength around the 1400 nm region affected by ionic hydration in commercial natural mineral water. This region played a demonstrably effective role in distinguishing water.
This study addresses the feasibility of determining mineral contents, especially the cadmium content, in unpolished rice using a portable NIR spectrometer. The cadmium content in unpolished rice must be less than 1 ppm based on the food hygiene law in Japan; thus detection of cadmium-polluted rice is an extremely important control point for the agricultural market. It is desirable to develop a convenient and reliable system for measuring the cadmium content in rice.
Until now, we have been conducting a consistent investigation for NIRS feasibility using a portable NIR spectrometer, relying not only on a statistical and mathematical approach, but also on a chemical interpretation of the NIR spectra. We have attained some positive results for the discrimination analysis of grain food 5 or plastic wastes.
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Experimental
Unpolished rice
The test samples comprised 106 unpolished rice varieties. Respective cadmium contents were found to be in the range < 0.05 -1.52 ppm based on AAS results. All of the samples investigated were categorized into three groups, depending on the amounts of the cadmium content levels, as follows: lowlevel cadmium-polluted rice contained less than 0.4 ppm cadmium; medium-level cadmium-polluted rice contained 0.4 -1.0 ppm cadmium; and high-level cadmium-polluted rice contained more than 1.0 ppm cadmium.
Measurement of NIR spectra
Each unpolished rice sample was packed into a sample holder, in which it was compressed against a quartz window. The NIR diffuse reflection spectra in the 1200 -2400 nm wavelength region were measured using three aliquots for each sample with a portable near-infrared spectrometer, PlaScan SH (OPT Research, Inc., Japan), equipped with an acousto-optical tunable filter (AOTF). The main specifications were: dimensions (250 mmL × 150 mmW × 55 mmD), weight (1.7 kg), wavelength range (1100 to 2500 nm), time required (0.1 to 1 s, depending on the data points and number of repetitions), data points (100, 200, 400, 500, 800, 1200, and 2400 points), radiation source (tungsten halogen lamp, 5 W), and detector (lead sulfide). A white ceramic disk was used as a reference in the diffuse reflection mode.
Data processing
All of the original NIR spectra were subjected to a treatment by a standardized normalization procedure to remove any systematic variation, such as a baseline drift in the original spectra. This treatment centers each spectrum around zero by subtracting the mean and dividing each value by the standard deviation of the entire spectrum. A software program (JUSEStat Works, V3.0; The Institute of Japanese Union of Scientists & Engineers) was employed for a canonical discriminant analysis 8 (CDA) using a spectral data set. The most important advantage of using this technique is allowing a data reduction just like a principal component analysis. The idea behind CDA is to find canonical variates, Z1, Z2, etc., which are linear combinations of original variables. Table 1 summarizes the classifications obtained through CDA. The NIR spectra obtained from low-level cadmium-polluted rice were classified into categories correctly corresponding to prior information in 86.7% of cases by this CDA. Medium-and high-level cadmium-polluted rice samples were classified correctly in 83.9% and 87.5% of the cases, respectively. The overall misclassification rate was 14.8% for all 318 NIR spectra, repeated three times for all 106 samples. More specifically, the number of correct classifications in all three repeated measurements was 69/106 samples. Those samples for which two of three measurements were classified correctly corresponding to prior information, were 97/106 samples (91.5%). Therefore, assuming a further improvement through decreasing misclassification, NIRA could be useful for primary screening purposes of detecting cadmium-polluted rice. There are great advantages in using NIRA to determine the cadmium levels of rice: it is more rapid, non-destructive and convenient than any other chemical reference method. In this case, however, it should be noted that substantially higher level cadmium-polluted rice must not be classified as a lesser cadmium-polluted one, even if perfect classification could not be achieved through further studies.
Results and Discussion
We carefully considered not only statistical and mathematical information to verify the NIRA authenticity, but also the chemical interpretation of the NIR spectra. Figure 1 indicates the results of CDA based on the previous categories, shown as canonical score plots (canonical score 2 vs. canonical score 1). Discriminant lines, and the 1σ and 2σ-circles presenting the dispersion area from the center of each data set, are displayed simultaneously. The better is the discrimination model, the greater is the separation among groups representing individual classes. Test samples were divided largely into the prior three categories, but some samples overlapped one another. A wavelength contribution ratio was calculated to show the results of CDA, and especially to interpret the score axes shown in Fig.  1 . The correlation coefficients between the canonical scores and the original absorbance for every wavelength were calculated first; then, the squared correlation coefficients were plotted against the wavelengths (Fig. 2) . Because this appears as a spectrum, we call this figure a contribution ratio spectrum. 5 Using this contribution ratio spectrum eases the interpretation of which wavelength affects the discrimination of the sample categories. The contribution ratio derived for canonical score 1 (Fig. 2a) 2017, 2164 nm), whereas the contribution ratio derived for the canonical score 2 (Fig. 2b) largely correlated with the OH combination band at 1891 nm. At this stage, we could not completely specify which bands contributed greatly to discriminate the cadmium content levels of unpolished rice. Having investigated this issue using science-based information, we look forward to separate publications of these studies in the near future.
